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BACKGROUND 

1. Technical Field 

This disclosure relates to semiconductor fabrication 
and more particularly, to structures for semiconductor devices 
which permit higher current density through bond pads and 
promote higher long term reliability for bond pads. 

2 . Description of the Related Art 

Current flows through conductive structures with minimal 
resistance. However, due to geometry changes and material 
changes in the electrical path, higher resistances and higher 
current densities are experienced. These higher current 
densities can lead to detrimental mass transport between 
conductive interfaces at junctions between different 
conductive materials, as well as in the conductive materials 
themselves. Further, materials at the conductive interface 
may cause degradation of conductive characteristics at the 
interface due to mixing of atoms as a result of mass 
transport . 
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transport . 

Semiconductor devices include many conductive junctions 
where metals of a first type interface with metals of a second 
type. Each metal in the design may be selected for a 
particular reason. For example, copper metallizations are 
employed due to their high conductivities; however, copper is 
prone to severe oxidation and quickly degrades in the presence 
of oxygen. Aluminum, on the other hand, forms an oxide on an 
outer surface but does not degrade significantly in 
conductivity. Therefore, in many semiconductor designs copper 
metallization may include an Aluminum cap to protect the 
copper from oxidation. One drawback of such an arrangement is 
the fact that copper and aluminum atoms mix. When aluminum 
atoms enter a copper matrix significant resistivity increases 
are experienced. To combat this, a diffusion barrier, which 
may include Ta or TaN, is deposited between the metals to 
prevent diffusion therebetween. This diffusion barrier must 
be as thin as possible to prevent significant increases in 
resistance to current flow between the metals. 

The current capability of bond pads in semiconductor 
technology employs copper metallization for metal lines. Bond 
pads are employed for connecting to metal lines of the 
semiconductor device through pins passing through a chip 
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enclosure, for example. Prior art bond pads employ a same 
surface for probe contacts used for testing and for wire 
connections to the bond pad. Damage caused during probe 
contacts may adversely affect bonding connections formed 
subsequently. Further, underlying layers below the bond pad 
may also suffer, for example, damage may be imparted to 
diffusion barriers between an Aluminum bond pad and an 
underlying copper metallization causing detrimental mixing of 
atoms as described above. 

Therefore, a need exists for a structure, which provides 
a probe pad that permits probe testing without damage to a 
bond area and underlying metal layers. A further need exists 
for a structures which permit a bond pad to drive much higher 
currents per bond pad and is fully integrated in a fine pitch 
bond pad scheme . 

SUMMARY OF THE INVENTION 

A structure for a bond pad used on a semiconductor 
device, in accordance with the present invention includes a 
metal layer, an interconnect formed through a dielectric layer 
connecting to the metal layer and a bond pad having a first 
portion disposed over the metal layer and the interconnect, 
and a second portion disposed over the dielectric layer. The 
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first portion includes a bond area for providing an attachment 
point for a connection, and the second portion includes a 
probe area for providing contact with a probe. 

Another structure for a bond pad used on a semiconductor 
5 device, in accordance with the present invention includes a 

metal layer patterned to form at least one metal line, and a 
dielectric layer formed on the metal layer and patterned to 
form a via to the at least one metal line. A barrier layer is 
formed in contact with the metal layer through the via, and an 

10 interconnect is formed in the via and connecting to the metal 

layer through the barrier layer. A bond pad includes a first 
portion disposed over the metal layer and the interconnect, 
and a second portion disposed over the dielectric layer. The 
first portion includes a probe area for providing contact with 

15 a probe for device testing, and the second portion includes a 

bond area for providing an attachment point for a bond wire. 

Another structure for a bond pad used on a semiconductor 
device includes a copper layer patterned to form at least one 
metal line, a dielectric layer formed on the copper layer and 

20 patterned to form a via to the at least one metal line, a 

diffusion barrier layer formed in contact with the copper 
layer through the via, and an aluminum interconnect formed in 
the via and connecting to the copper layer through the 



diffusion barrier layer. The diffusion barrier prevents 
atomic mixing between the copper layer and the aluminum 
interconnect. A bond pad is integrally formed with the 
interconnect and has a first portion disposed over the metal 
layer and the interconnect, and a second portion disposed over 
the dielectric layer. The first portion includes a probe area 
for providing contact with a probe for device testing such 
that probing the probe area eliminates the capability for 
damage to the diffusion barrier layer and the second portion. 
The second portion includes a bond area for providing an 
attachment point for a bond wire. 

In alternate embodiments, the first metal layer may 
include copper, and the bond pad may includes aluminum. The 
barrier layer is preferably disposed between the interconnect 
and the metal line to prevent diffusion therebetween. The 
bond pad may include a thickness of less than about 2 microns. 
A passivation layer may be formed on the bond pad to protect 
the bond pad. The passivation layer may include a first 
opening for the bond area and a second opening for the probe 
area, the passivation layer may include an opening shared by 
the bond area and the probe area. The bond pad may be 
permanently connected to a bond wire. The barrier layer may 
include Ta or TaN. 
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These and other objects, features and advantages of the 
present invention will become apparent from the following 
detailed description of illustrative embodiments thereof, 
which is to be read in connection with the accompanying 
5 drawings . 



BRIEF DESCRIPTION OF DRAWINGS 

This disclosure will present in detail the following 
description of preferred embodiments with reference to the 
10 following figures wherein: 

FIG. 1 is a cross-sectional view taken at section 
line 1-1 of FIG. 4 or FIG. 5 showing a probe area of a bond 
pad in accordance with the present invention; 

FIG. 2 is a cross-sectional view taken at section 
15 line 2-2 of FIG. 4 or FIG. 5 showing a bond area of the bond 

pad in accordance with the present invention; 

FIG. 3 is a cross-sectional view taken at section 
line 3-3 of FIG. 5 showing the bond area and the probe area of 
the bond pad in accordance with the present invention; 
20 FIG. 4 is a top view of one illustrative embodiment 

showing the bond area and the probe area of the bond pad in 
accordance with the present invention; 



FIG. 5 is a top view of another illustrative 
embodiment showing the bond area and the probe area of the 
bond pad in accordance with the present invention; 

FIG. 6 is a cross-sectional view showing a probe 
contacting a probe area in accordance with the present 
invention; and 

FIG. 7 is a cross-sectional view showing a bonding 
wire connected to a bond area in accordance with the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention relates to semiconductor 
fabrication and more particularly, to structures for 
semiconductor devices, which permit higher current density 
through bond pads and promote higher long-term reliability for 
bond pads. The present invention reduces the distance between 
a bond wire connection and a metal line of a semiconductor 
device to improve current density capabilities of the 
structure. In addition, the present invention reduces the 
possibility of damage due to probing by providing a separate 
probe area form a bonding area . 

The present invention advantageously separates the bond 
area and the probe area, permits placement of a bond wire on a 
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cap, which is covering the underlying metallization. 
Therefore, the current per bond pad is no longer limited by 
the cross section area of the cap, and the probe area is built 
up by the same cap which, in one example, covers a thick 
5 dielectric layer to prevent any damage to the underlying 

metal . 

Referring now in specific detail to the drawings in which 
like reference numerals identify similar or identical elements 
throughout the several views, and initially to FIG. 1, a 

10 cross-sectional view of upper levels of a semiconductor device 

10 are shown. Semiconductor device 10 may include a memory 
chip, such as, a static random access (SRAM) memory chip, a 
dynamic random access memory (DRAM) chip, an embedded memory 
chip, etc. Semiconductor device 10 may also include a logic 

15 or processor chip, an application specific integrated circuit 

(ASIC) chip or the like. A metal line 12 is shown for 
connecting to other metal lines and vias in layers below line 

12 (not shown) . Line 12 is formed in an interlevel dielectric 
layer 14. Metal line 12, preferably includes copper, copper 

20 alloys or other highly conductive material, such as, for 

example, Au, Ag or superconductive materials. A nitride layer 

13 or other etch stop layer is formed on layer 14 and metal 
line 12 to protect metal line 12 during the formation of an 
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dielectric layer 16 (also called a terminal via layer or TV 
layer) such as, for example, an oxide layer. . Layer 16 is 
patterned to form a via or terminal via 17 therethrough. A 
barrier layer/liner 18 is formed in via 17, and may include 
5 Ta, TaN or other diffusion barrier material. A bond pad 20 is 

formed by depositing a layer of conductive material (s) , which 
protects metal line 12 and is included, for example, on 
barrier layer 18. Both layers are preferably patterned 
1? together. In other embodiments, bond pad 2 0 may include 

oa 

10 conductive materials such as for example, copper, copper 

lT alloys, Au, Ag or other conductive materials. Bond pad 2 0 may 

□ include a plurality of layers, and preferably includes a cap 

O layer to protect the underlying materials, especially if 

copper or its alloys are used. The cap layer may include Al, 
^ 15 for example. 

Next, a passivation layer 21 is formed. Passivation 
layer 21 may include one or more dielectric layers. In the 
embodiment shown, an oxide layer 22, a nitride layer 24 and a 
resist layer 26 are formed and patterned to expose bond pad 20 
20 through opening 28. Resist layer 26 may include a 

photosensitive polyimide or other resist layer. In one 
embodiment, multiple layers are employed with resists layer. 
For example, resist layer 26 may include a polyimide 25 which 
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remains after other portions of layer 2 6 are removed by 
etching. Other dielectric layer arrangements are also 
contemplated. Materials and the number of layers may be 
varied. 

5 Advantageously, a probe (not shown) , employed for 

testing, contacts bond pad 20 in probe area 30 through opening 
28. The conductive path extends through the cross-section and 
the length of bond pad 20 to reach metal line 12. In the 
O arrangement shown, bond pad 20 is offset from metal line 12. 

10 This is advantageous since the barrier layer 18 is so thin 

r; that a downward force from a probe could possibly damage 

barrier layer 18 and permit atomic mixing between conductive 
p materials, such as, aluminum, or other materials, of bond pad 

rini 

nj 2 0 and metal line 12, which may include, copper for example. 

O 15 Instead,, probe (not shown) contacts bond pad 20 over layer 16 

s . 
z 

reducing potential damage to diffusion barrier layer 18. 

The probe is inserted through hole 28 and is connected 
to bond pad 20 over TV layer 16 and not over metal line 12. 
The offset of bond pad 20 also prevents direct damage to metal 
20 line during wafer probe testing. Damage to metallization 

lines can affect current density and reliability of metal 
lines, and damage to a bond pad can result in difficulty 
connecting a bond wire thereto or cause reliability problems 
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later on. In accordance with the present invention, damage 
due to probing is no longer an issue since, the present 
invention provides an offset area or probe area 3 0 for probe 
contact which is separate for a bond area 32 (FIG. 2) . 
5 Referring to FIG. 2, bond area 32 is separated from probe 

area 3 0 (FIG. 1) and is used for attaching a bond wire through 
an opening 34. Advantageously, bond area 32 is located 
directly over metal line 12 and an interconnect 38, thereby 
reducing resistance between a bond wire (not shown) which 

10 connects to bond area 32 and metal line 12. 

Referring to FIG. 3, to further illustrate the present 
invention probe area 3 0 and bond area 32 are shown. Bond area 
32 is directly above interconnect 38 while probe area 30 is 
located over dielectric layer 16. When a probe contacts probe 

15 area 30, any damage derived therefrom does not affect bond 

area 32 since a bonding wire is directly attached to bond area 
32. Bond area 32 remains undamaged by probing which results 
in a better connection with a bonding wire (not shown) . 
Further, barrier layer 18 is preserved since and force 

20 imparted to probe area 30 is applied over layer 16. 

Referring to FIG. 4, a top view of a bond pad 2 0 is shown 
in accordance with the present invention. Bond pad 20 
includes bond area 32 and probe area 30, which are separate as 
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described above. Passivation layer 21 is patterned to expose 
bond area 32 and probe area 30. Passivation layer 21 is shown 
as a transparent layer so that underlying structures are 
visible. Passivation layer 21 includes layers 22, 24 and 
5 possible 25.' Passivation layer 21 is patterned to create a 

border 19 between bond area 32 and probe area 30. Border 19 
is preferably employed to prevent slipping of a probe onto the 
sensitive bond area 32. Border 19 may be formed form other 
materials as well for example, a raised portion of conductive 

10 material from the bond area or the probe area may be employed. 

Interconnect 3 8 is directly below bond area 32 and is 
shown in the dark gray area. In addition, metal line 12 is 
directly below interconnect 38 and bond area 32 and is shown 
in the light gray area. Probe contact may be made in probe 

15 area 30. In one embodiment, openings in passivation layer 21 

may include one opening 34 for bond area 32 and a second 
opening 28 for probe area 30. Alternately, one opening 
(combined openings 28 and 34 of FIG. 5) may be used for both 
bond area 32 and probe area 30. 

20 One important aspect is the separation of bond area 32 

and test area or probe area 3 0 of bond pad 20. In accordance 
with the present invention, power pads or bond pads can be 
fully integrated in the fine pitch bond pad scheme for 0.25 



• # 

13 



micron or lower groundrule designs. The layout of the power 
pad or bond pad 20 may be chosen in a way that the vertical 
extension fits the pattern of conventional bond pads. In this 
way, processes employed to create bond pad 2 0 in accordance 
5 with the present invention may be similar to the processes 

used for conventional bond pads. This permits easier 
integration of the present invention into current process 
sequences . 

Referring to FIG. 5, a top view of an alternate 
10 embodiment is shown in accordance with the present invention. 

In this embodiment, probe area 30 and bond area 32 are 
continuous. This provides a larger available probing area. 
Probe area 32 is employed for testing the semiconductor device 
while bond area 30 is employed for attaching a bond wire to 
15 the semiconductor device for providing off -chip connections. 

It should be noted that probe areas and bond areas are 
preferably formed as close as possible to interconnect 3 8 and 
metal line 12 to reduce electrical resistance for probe 
testing and ultimately for bond wire connections. 
2 0 As shown FIG. 6, a probe 60 is illustratively shown 

making contact to probe area 30. As shown FIG. 7, a bond wire 
62 is illustratively shown connected to bond area 32 by solder 
64. 
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It is to be understood that the present invention is 
particularly useful for incompatible conductive materials or 
junctions. For example, a copper metal line (e.g., metal line 
12) having an Aluminum cap (e.g., bond pad 20) may be 
employed. It is also to be understood that the use of a thin 
aluminum cap or other metals in enabled by the present 
invention. In the prior art, use of a thicker Al cap is 
typically limited to about 2 microns by capability of the 
aluminum reactive ion etch tools (the RIE tool over heats for 
thicker layers) , on the other hand, a conventional 2 micron 
cap is not expected to withstand probing without damage of the 
metal line (Cu) to diffusion barrier interface. In accordance 
with the present invention, however, a 2 micron thick or 
smaller cap layer (bond pad) is sufficient since it will not 
be damaged in the bond area. Advantageously, the present 
invention does not need to alter processing significantly. 

The present invention also provides for high current 
power pads. By reducing resistance between metal lines and 
bonding wires, higher currents are enabled for semiconductor 
devices. The configurations shown in FIGS. 4 and 5 are 
illustrative. Other configurations are also contemplated by 
the present invention. 

Surprisingly, an increase in current density, in 
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accordance with the invention, can be several hundreds of 
percent greater than the prior art bond pads. This may depend 
in part on the wiring scheme employed. Advantageously, the 
present invention may adopt a design similar to those 
5 currently in use for bond pads for easy process integration 

and to minimize impact on the design of nearby circuitry. 

In one embodiment of the present invention, bond area 32 
may include dimensions of about 50 by 12 0 microns and the 
probe area 3 0 may include dimensions of about 50 by 90 

10 microns. Other dimensions are also contemplated. 

Having described preferred embodiments for power pads for 
application of high current per bond pad in silicon technology 
(which are intended to be illustrative and not limiting) , it 
is noted that modifications and variations can be made by 

15 persons skilled in the art in light of the above teachings. 

It is therefore to be understood that changes may be made in 
the particular embodiments of the invention disclosed which 
are within the scope and spirit of the invention as outlined 
by the appended claims. Having thus described the invention 

20 with the details and particularity required by the patent 

laws, what is claimed and desired protected by Letters Patent 
is set forth in the appended claims. 



